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3D-TRAJECTORY DISPLAY DEVICE FOR
MACHINE TOOL

RELATED APPLICATIONS

The present application claims priority from Japanese
Patent Application No. 2009-209415, filed on Sep. 10, 2009,
the entire contents of which are fully incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display device which
displays a three-dimensional trajectory of a machine tool.

2. Description of the Related Art

Generally, the trajectory of a representative point, such as a
front end of a tool of a machine tool, represents a three-
dimensional curve. Since 1t 1s not easy to calculate an error of
the three-dimensional curve, 1.e., the difference between a
commanded trajectory and actual trajectory (or a feedback
trajectory), it 1s difficult to ituitively know the amount of
eITor.

In order to easily grasp the amount of error, for example,
Japanese Unexamined Patent Publication (Kokai) No.
11-143514 discloses a device adapted to display a trajectory
of each axis of a machine tool, wherein a positional deviation
of each axis 1s combined, and the trajectory 1s indicated while
a line-type or a line color 1s varied depending on whether or
not the combined positional error exceeds a predetermined
limit value.

The combined positional deviation as described above rep-
resents a delay in the actual position relative to the com-
manded position at a given time. In other words, the positional
deviation does not represent the deviation of the actual posi-
tion from a commanded trajectory. Therefore, the combined
value of the positional deviation does not correctly indicate
the deviation of the actual position from the commanded
trajectory. Thus, 1t1s difficult to correctly know the error of the
actual three-dimensional trajectory, and it takes time to
specily a problem on the trajectory and found a cause thereof.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a trajectory
display device capable of correctly quantifying an error of a
three-dimensional trajectory of a machine tool, and display-
ing or outputting the error.

According to one aspect of the present invention, there 1s
provided a trajectory display device adapted to display a
three-dimensional trajectory of an actual position of an
object, the three-dimensional position of the object being
controlled by a numerical controller, the trajectory display
device comprising: a commanded position data obtaining part
adapted to obtain data of a commanded position of the object
at discrete time intervals; an actual position data obtaining
part adapted to obtain data of an actual position of the object
at discrete time 1ntervals; a command line segment defining
part adapted to define a command line segment which con-
nects two temporally adjacent points, in relation to each point
corresponding to the commanded position; an error calculat-
ing part adapted to calculate an error of the actual position
relative to a commanded trajectory, the error being deter-
mined as a shorter one between (1) a length of a shortest
normal line among normal lines each extending from the
actual position to the command line segment at each discrete
time and (11) a length of a line segment extending from the
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2

actual position to a commanded position which 1s the nearest
from the actual position; and at least one of an error display-
ing part adapted to display the error and an outputting part
adapted to output the error to the outside.

In a preferred embodiment, the error calculating part cal-
culates the error of each actual position of the object, only 1n
relation to a command line segment including the com-
manded position, a time lag of which relative to each actual
position 1s within a predetermined period of time.

In a preferred embodiment, the error displaying part dis-
plays the three-dimensional trajectory of the actual position
ol the object, while magnifying the error by a predetermined
ratio 1n the error direction relative to the commanded trajec-
tory, the error of which 1s to be calculated.

In a preferred embodiment, the error displaying part
changes at least one of color and a line thickness of the
trajectory, corresponding to the magnitude of the error.

According to another aspect of the invention, there 1s pro-
vided a machine tool comprising the trajectory display device
of the mvention and a numerical controller to control a plu-
rality of drive axes including a rotational axis, the machine
tool being adapted to control the position of a tool relative to
an object to be machined, wherein the trajectory display
device calculates the three-dimensional coordinate of a front
end of the tool based on information of a command and an
actual position of each drive axis, determines a commanded
position and an actual position of the front end of the tool,
calculates an error of the actual position relative to the com-
manded position, and displays or outputs the error.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages o the
present mnvention will be made more apparent by the follow-
ing description of the preferred embodiments thereof with
reference to the accompanying drawings wherein:

FIG. 1 shows a schematic configuration of a system includ-
ing a trajectory display device according to an embodiment of
the present invention;

FIG. 2 shows an example of a flowchart for calculating an
error ol an actual position of an object to be controlled;

FIG. 3 shows a display example of the commanded posi-
tion and the actual position of the object;

FIG. 4 shows an example wherein a plurality of normal
lines may extend from one actual position to a commanded
trajectory;

FIG. 5 shows an example wherein no normal line may
extend from one actual position to a commanded trajectory;

FIG. 6 shows an example wherein a time range of the
commanded position 1s limited when the error of the actual
position 1s calculated;

FIG. 7 shows a procedure for displaying an enlarged view
of the error;

FIG. 8a shows a display example before the error of the
actual position 1s enlarged;

FIG. 8b shows a display example after the error of the
actual position 1s enlarged; and

FIG. 9 shows an example wherein a part having a relatively
large error 1s indicated by changing a line thickness of the
commanded trajectory.

DETAILED DESCRIPTION

FIG. 1 shows one example of a system configuration
including a trajectory display device according to the present
invention. An object 10 to be controlled, such as a tool of a
machine tool, 1s driven by a motor 12, such as a servomotor,
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via a drive axis 11, and motor 12 1s controlled by a numerical
controller (CNC) 14. CNC 14 has a commanded position
calculating part 16 adapted to calculate a commanded posi-
tion where object 10 should be positioned at each time, and a
drive axis controlling part 18 adapted to control the motion of
motor 12 based on the commanded position calculated by
commanded position calculating part 16.

A trajectory display device 20 of the invention 1s adapted to
display a three-dimensional trajectory of an actual position of
object 10, and has a commanded position data obtaining part
22 adapted to obtain data of the commanded position of the
object at discrete time intervals from commanded position
calculating part 16 of CNC 14; an actual position data obtain-
ing part 24 adapted to obtain data of the actual position of the
object at discrete time intervals from drive axis controlling
part 18; and a three-dimensional displaying part 26, such as a
monitor. Three-dimensional displaying part 26 may display at
least one of a three-dimensional commanded position trajec-
tory of object 10 based on the above commanded position
data and a three-dimensional actual position trajectory of
object 10 based on the above actual position data. In addition,
the commanded position trajectory means a trajectory formed
by line segments 1n which each connects two temporally
adjacent commanded positions, and the actual position tra-
jectory means a trajectory formed by line segments 1n which
cach connects two temporally adjacent actual positions.

Trajectory display device 20 has a command line segment
defining part 28 adapted to define a command line segment
which connects two temporally adjacent points, in relation to
cach corresponding to the commanded position obtained by
commanded position data obtaining part 22; and an error
calculating part 30 adapted to calculate an error of the actual
position relative to the commanded trajectory, the error being,
determined as a shorter one between (1) the minimum length
of a normal line among normal lines each extending from the
actual position, obtained by actual position data obtaining
part 24, to the command line segment at each discrete time
and (11) the length of a line segment extending from the actual
position to a commanded position which is the nearest from
the actual position. Trajectory display device 20 further has at
least one of an error displaying part 32, such as a monitor,
adapted to display the error and an outputting part 34 adapted
to output the error to external equipment, such as another
display device. In addition, trajectory displaying part 26 as
described above may function also as error displaying part 32.

FI1G. 2 1s a flowchart showing a procedure for calculating
an error of each actual position of the object in the trajectory
display device of the invention. First, in step S1, information
of the three-dimensional commanded position at each time,
which 1s specified at suitable time 1ntervals, 1s obtained. Due
to this, as shown 1n FIG. 3, temporally ordered commanded
positions P, P__., P__,. ..., where a representative point of
the object to be controlled should pass through, are obtained.

Next, in step S2, information of the three-dimensional
actual position at each time 1s obtained. Concretely, the actual
position may be obtained by a position feedback. Due to this,
as shown 1n FIG. 3, time series data or actual positions Q, ,
Q. ...Q .., ..., wheretherepresentative point of the object
to be controlled actually passes through, are obtained.

In the next step S3, a time t, of one actual position, which
1s temporally primary among the actual positions, the error of
which are to be calculated, 1s set as a first start time. Then, in
the next step S4, a time t, of one commanded position, which
1s temporally primary among the commanded positions
included 1n the commanded trajectory, relative to which the
error of the actual position 1s to be calculated, 1s set as a
second start time.
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In the next step S5, a line segment, connecting the com-
manded position at time 12 and the commanded position at
time t,+At,, 1s set as a command line segment. In the example
of FIG. 3, the commanded position at time t, 1s set as position
P, , and the commanded position at time t,+At, 1s set as posi-
tion P, _,. Then, a command line segment connecting the two
commanded positions 1s set as a line segment 36.

Next, i step S6, 1t 1s judged whether a normal line can
extend from the actual position at time t; to one of the set
commanded line segment. I yes, the length of the normal line
1s calculated. In the example of FIG. 3, a normal line 38 can
extend from actual position Q_ to line segment 36, and thus a
length d, of normal line 38 1s calculated. Then, length d, 1s
stored 1n a suitable memory, as a candidate of an error of
actual position Q _ .

Next, instep S7, thelength of a line segment 37, connecting
actual position Q_ at time t, and commanded position P, at
time t,, 1s calculated. Further, 1n step S8, the length of a line
segment 39, connecting actual position Q_ and commanded
position P, _, at time t,+At,, 1s calculated. The lengths of line
segments 37 and 39 are stored 1n a suitable memory, as can-
didates of the error of actual position Q.

In the next step S9, 1t 1s judged whether time t, reaches a
predetermined second finish time. If no, the procedure
progresses to step S10, wherein t,+At, 1s substituted into t,. In
other words, 1n the example of FIG. 3, the next process
executed 1n step S5 1s to determine a command line segment
40 which connects commanded positions P, , and P, _,. In
addition, the second finish time 1s usually set to a time of the
latest commanded position among the commanded positions
included in the commanded trajectory, the error of which 1s to
be calculated.

In step S9, when it 1s judged that time {2 reaches the
predetermined second finish time, the procedure progresses
to step S11. In step S11, the error of actual position Q,
relative to the commanded trajectory 1s determined as a
shorter one between (1) the length of the normal line extend-
ing from actual position Q,, to the commanded line segment
(when a plurality of normal lines exist as shown 1 FIG. 4
below, the length of the shortest normal line among the nor-
mal lines), and (11) the length of the shortest line segment
among the line segments (in the example of FIG. 3, line
segments 37, 39) each extending from the actual position to
the commanded position as determined in steps S7, S8. In the
example of FIG. 3, the error of actual position Q,, 1s deter-
mined to length d, of normal line 38, and similarly, the error
of actual position QQ, ., 1s determined to length d, of normal
line 42.

FIG. 4 shows an example wherein a plurality of normal
lines may extend from one actual position to the commanded
trajectory (or the line segment). As shown 1n FIG. 4, depend-
ing on the position of the actual position, a plurality of normal
lines may extend from one actual position to a plurality of line
segments. In such a case, the length of the shortestnormal line
1s set as a candidate of the error to be determined. In the
example of FIG. 4, a length d, of a normal line 46 extending
from actual position Q . to a line segment 44 1s shorter than a
length d, of a normal line 50 extending from actual position
Q_ to a line segment 48, and thus length d, 1s stored as the
candidate of the error. On the other hand, 1n relation to line
segments 47 and 49 extending from actual position Q, to
commanded positions P, and P, _,, respectively, line segment
4’7 1s shorter than line segment 49. However, length d, of
normal line 46 1s still smaller than the length of line segment
47, and as a result, length d, 1s determined as the error of
actual position Q.
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As exemplified in FIG. §, in some cases, no normal line can
extend from actual position Q  to the commanded trajectory.
In such a case, the length of a line segment, connecting actual
position Q_ and a commanded position which 1s the nearest
from actual position Q,, 1s determined as the error. In the
example of FIG. 5, commanded position P, _, 1s the nearest
from actual positionQ_, and thus alength d; of aline segment
51 extending from actual position Q,, to commanded position
P, ., 1s set as the error of actual position Q.

In step S12, 1t 1s judged whether time t; reaches a prede-
termined first finish time. If no, the procedure progresses to
step S13, wherein t, +At, 1s substituted into t, . In other words,
in the example of FI1G. 3, the next process executed 1n step S4
and the subsequent steps 1s to determine an error of actual
position QQ,_, relative to the commanded trajectory. There-
fore, the first finish time 1s usually set to a time of the latest
actual position among the actual positions, the errors of which
are to be calculated.

FI1G. 6 shows an example wherein a time range based on the
time of each actual position 1s limited, when the error of the
actual position 1s calculated, so as to reduce the load of the
process. As shown in FIG. 6, when a plurality of commanded
trajectories L., to L, are positioned close to each other, the
distance between actual position (O, and a trajectory other
than a trajectory (1n this case, trajectory L,), where the error
of actual position QQ_ 1s to be calculated, may be calculated. In
order to avoid this, 1t 1s effective to calculate the error between
actual position Q, and a command line segment including a
commanded position the time of which 1s close to the time of
actual position Q_ . Concretely, a commanded position, a time
lag of which relative to the time of actual position Q,,, 1s within
a predetermined value, 1s extracted (in this case, positions
P__.toP__, areextracted), and only a line segment including
the extracted position (indicated by a dotted line 1n FIG. 6) 1s
used 1n calculating the error of actual position Q_ . Due to this,
trajectory other than L, the time of which 1s considerably
different from the time of actual position Q,, 1s not used 1n
calculating the error, whereby the load of the process may be
reduced.

In the present invention, a section, including a large error of
the actual position, may be configured to be visually easily
observed. Concretely, as shown m FIG. 7, a normal line
between each actual position and the commanded trajectory
1s extended at a predetermined magnification, in the direction
of the normal opposite to the commanded trajectory (1n other
words, the direction of the extended normal line 1s not
changed), and one end of each extended normal line, not
positioned on the commanded trajectory, 1s connected each
other with a line, as a trajectory of the actual positions. In the
example of FIG. 7, normal line 38 indicating the error of
actual position Q_ 1s extended at two-fold magnification so as
to obtain actual position QQ, ', and normal line 42 indicating,
the error of actual position Q__, 1s extended at two-fold
magnification so as to obtain actual position Q, _,". Due to
this, when an actual position trajectory 52 based on actual
position Q_and Q__, does not match a commanded trajec-
tory 34, as exemplified 1n a part “A” of F1G. 8a, the error of the
actual position 1s exaggerated 1n an actual position trajectory
56 based on actual position Q,'and Q, ', as shown 1n a part
“B” of FIG. 8b. Therefore, the operator can easily find the
actual position having a large error. In addition, when no
normal line exits as shown 1n FIG. 5, similarly to the case of
FIG. 7, the line segment connecting the actual position and
the nearest commanded position may be extended at a prede-
termined magnification, toward the actual position side.

As another means for exaggerating the error of the actual
position, as exemplified 1n FIG. 9, the thickness of a part of
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the commanded trajectory, which corresponds to the actual
position (the actual position trajectory) having a large error,
may be changed, without indicating the actual position or the
actual position trajectory. For example, as shown 1n a part “C”
of FIG. 9 the actual position or the actual position trajectory
as shown 1n FIG. 8a or 85 1s not indicated, and a part 58 of
commanded trajectory 54 1s indicated so that the thickness of
the part 1s larger than the other part of the commanded trajec-
tory. Due to this, the operator can easily find the actual posi-
tion having a large error. In addition, additionally or alterna-
tively, color of the part of the commanded trajectory
corresponding to the actual position having the large error
may be different from the other part of the commanded tra-
jectory. Otherwise, the actual position trajectory may be indi-
cated as shown 1in FI1G. 8a or 86, and the thickness and/or the
color of the actual position trajectory may be changed.

The trajectory display device of the invention may be par-
ticularly advantageous, when the trajectory of the controlled
object 1s a complicated three-dimensional trajectory, for
example when the above numerical controller controls a plu-
rality of drive axes including a rotation axis of a machine tool
so as to control the position of a tool relative to a workpiece to
be machined. In such a case, the trajectory display device may
calculate the three-dimensional position of a front end of the
tool based on a command for each drive axis and information
of the actual position, determine the commanded position of
the front end of the tool and the trajectory of the correspond-
ing actual position, and display or output the error of the
actual position (or the actual position trajectory) relative to
the commanded position as calculated above.

According to the present invention, the error of the three-
dimensional actual position or the actual position trajectory
of the controlled object may be precisely determined. Further,
by displaying the determined error or outputting the error to
the other equipment, the error may be visually recogmzed.
Therefore, a time for finding trouble in the trajectory or inves-
tigating the cause of the error may be reduced.

By limiting a time range of the commanded position for
calculating the error of the actual position so that only the
commanded position, a time lag of which relative to the time
of actual position 1s within a predetermined value, the com-
manded trajectory which should not be compared to the
actual position may be eliminated and the load of calculation
may be reduced.

By changing the thickness or the color of the trajectory
depending on the magnitude of the error, and/or extending the
error at a predetermined magnification, the error may further
casily be recognized.

By applying the trajectory display device of the invention
to a machine tool, the error of the tool front end, which 1s
moved along the complicated three-dimensional trajectory,
may be precisely calculated by using a simple process.

While the invention has been described with reference to
specific embodiments chosen for the purpose of 1llustration, it
should be apparent that numerous modifications could be
made thereto, by one skilled in the art, without departing from
the basic concept and scope of the mvention.

The invention claimed 1s:

1. A trajectory display device adapted to display a three-
dimensional trajectory of an actual position of an object, the
three-dimensional position of the object being controlled by a
numerical controller, the trajectory display device compris-
ng:

a commanded position data obtaining part adapted to

obtain data of a commanded position of the object at
discrete time intervals:
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an actual position data obtaining part adapted to obtain data
of an actual position of the object at discrete time 1nter-
vals;

a command line segment defimng part adapted to define a
command line segment which connects two temporally
adjacent points, 1n relation to each point corresponding
to the commanded position at discrete time intervals;

an error calculating part adapted to calculate an error of the
actual position relative to a commanded trajectory, the
error being determined as a shorter one between (1) a
length of a shortest normal line among normal lines each
extending from the actual position at discrete time 1nter-
vals to the command line segment at each discrete time
and (11) a length of a line segment extending from the
actual position at discrete time 1intervals to acommanded
position which is the nearest from the actual position;
and

at least one of an error displaying part adapted to display
the error and an outputting part adapted to output the
error to the outside.

2. The trajectory display device as set forth in claim 1,
wherein the error calculating part calculates the error of each
actual position of the object, only in relation to a command
line segment including the commanded position, a time lag of
which relative to each actual position 1s within a predeter-

mined period of time.
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3. The trajectory display device as set forth in claim 1,
wherein the error displaying part displays the three-dimen-
sional trajectory of the actual position of the object, while
magnifying the error by a predetermined ratio in the error
direction relative to the commanded trajectory, the error of
which 1s to be calculated.

4. The trajectory display device as set forth in claim 1,
wherein the error displaying part changes at least one of color
and a line thickness of the trajectory, corresponding to the
magnitude of the error.

5. A machine tool comprising the trajectory display device
as set forth 1n claim 1 and a numerical controller to control a
plurality of drive axes including a rotational axis, the machine
tool being adapted to control the position of a tool relative to
an object to be machined,

wherein the trajectory display device calculates the three-

dimensional coordinate of a front end of the tool based
on 1nformation of a command and an actual position of
cach drive axis, determines a commanded position and
an actual position of the front end of the tool, calculates
an error o the actual position relative to the commanded
position, and displays or outputs the error.
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